The sintering mechanism of recrystallized silicon carbide (RSiC) is mainly "the evaporation-condensation process" of silicon carbide. In the process of sintering, no liquid phase is generated and the samples almost do not shrink. After sintering, the pore connectivity of the specimens comes excellent, so the gas permeability of the RSiC porous ceramic supports is very good. The influences of SiC micro-powder content on the properties of the supports were investigated. Specifically, the open porosity, cold modulus of rupture, hot modulus of rupture at 1200°C, pore size distribution, and gas permeability of samples were measured. The microstructure and phase composition of samples were also analyzed by SEM and XRD. Our results show that RSiC porous ceramic supports with not-too-high apparent porosity but excellent permeability and mechanical properties at room and high temperature can be prepared by simply adjusting the amount of SiC micro-powder.
Introduction
Porous ceramic composite membranes can be used to separate operations at high temperatures and in harsh environments. They are widely used because they have attractive properties that include excellent thermal stability, corrosion resistance, and mechanical strength [1] [2] [3] [4] [5] [6] . Porous ceramic composite membranes generally consist of three parts: supports, transition layers, and membrane layers. The supports are essential to the application of porous ceramic membranes. They must have large porosity (>30%), high gas permeability, a narrow range of pore sizes, good mechanical properties, and corrosion resistance [7] [8] [9] . Most recent research on porous ceramic supports has focused on oxides (for example: Al 2 O 3 and mullite) or oxide-bonded SiC porous ceramics [10] [11] [12] . Compared with oxide or oxide combined with SiC supports, recrystallized silicon carbide (RSiC) porous ceramic supports have many advantages, such as high gas permeability, good high-temperature mechanical properties, excellent thermal shock resistance, and resistance to corrosion by H 2 , CO, etc. [13] .
RSiC ceramics are prepared by using SiC powder with different particle sizes and high purity as raw material, without adding sintering aid, and sintering at high temperatures (2200 ~ 2450°C) [14] . The principal sintering mechanism of RSiC is the "evaporation-condensation process" of silicon carbide [15] . In China, researches on RSiC ceramics focus on high-temperature structural materials, electro-thermal materials, and porous ceramic skeletons [16] . However, there are few reports on RSiC porous ceramic supports. In this study, we prepared RSiC porous ceramics supports by dry-pressing method, using SiC coarse powder and SiC micro-powder as raw materials. 
Characterization
The phase composition and microstructure of the porous RSiC ceramic supports were analysed by Xray diffraction (XRD, X'Pert Pro, Philips, Eindhoven, Ni, Cu Kα radiation) and by a scanning electron microscope (SEM, EVO-18, ZEISS, Germany ) coupled with energy dispersive X-ray spectroscopy (EDS, X-Max 50, Oxford, UK).
The open porosity was determined by the Archimedes method with distilled water as the liquid medium. The modulus of rupture was measured by a three-point bending test (HWOR-02/16, Sinosteel Luoyang Institute of Refractories Research Co., Ltd., Luoyang, China), and the hot modulus of rupture was tested in air at 1200°C. Gas permeability was measured by a porous ceramic gas permeability tester (TQD03-3,Sinosteel Luoyang Institute of Refractories Research Co., Ltd., Luoyang, China). Permeability (K) of the sample can be evaluated by using the equation [17] :
where ∆P is the pressure drop from the entrance to the exit of the sample, A and L are, respectively, the cross-sectional area and the thickness of the sample, Q is the volumetric flow rate, and η is the dynamic viscosity of N 2 . The thickness and diameter of the samples tested were both 50 mm. ∆P and Q were measured by a porous ceramic gas permeability tester. The permeability was then calculated from the slope of the line plotted for ∆P vs. Q using equation (1) . For the dynamic N 2 viscosity η we used 1.78 ×10 -5 Pa·s at room temperature.
Results and discussion

Phase composition
The XRD results for the sample A60, SiC, the micro-powder, and the coarse powder are shown in Figure 2 . The phase composition of the sample A60 is the same as that of SiC alone-either coarse or micro-powder-indicating that the RSiC ceramic supports are composed of SiC alone. 
Microstructure
The sintering mechanism of RSiC consists mainly of the "evaporation-condensation process" of silicon carbide. However, SiC can produce only very few gaseous molecules. The "evaporation" of SiC is not simply the gasification of SiC, but is the decomposition of SiC in the presence of SiO 2 . Usually, there is a thin layer of SiO 2 on the surface of SiC micro-powder, and the "evaporation- 
Mechanical properties
The effects of SiC micro-powder content on the cold modulus and hot modulus of rupture of specimens are shown in Figure 5 . This figure shows that with an increase in the content of SiC micropowder, the cold modulus of rupture of the samples increases from 32.0 MPa to 48.5 MPa, then decreases to 24.7 MPa, and then rises to 45.1 MPa. The hot modulus of rupture shows the same pattern of change as that of the cold modulus, although the hot modulus of rupture is everywhere higher than the corresponding cold modulus of rupture. The strength of a specimen is determined mainly by its microstructure (Figure 4 ). From Figure 4 it can be seen that because necks of SiC coarse particles develop best with 40% SiC micro-powder, the modulus of rupture of the samples (both hot and cold) is highest for that content. With the content of SiC micro-powder increasing from 40% to 70%, the continuity of the network structure formed by SiC coarse particles is destroyed by SiC fine particles, so the strength gradually diminishes. When the content of SiC micro-powder is increased further from 70% to 100%, the fine SiC particles gradually form a continuous network structure, and the structure of the samples tends to be fine-grained, so each modulus of rupture increases.
At 1200°C, the SiO 2 glass phase formed by SiC oxidation is beneficial to the healing of micro cracks in the sample, so the hot modulus of rupture is higher than the cold modulus of rupture of the same formulation [19] . Figure 6 presents open porosity, average pore size, and gas permeability of samples as functions of SiC micro-powder content; also the distribution of pore sizes for A30 through A100.
Pore characteristics and gas permeability
As shown in Figure 6(a) , open porosity of the specimens increased from 28.9% to 44.2% and average pore size decreased from 23.41 μm to 7.92 μm when the content of SiC micro-powder went from 30 wt.% to 100 wt.%. Because of the large specific surface area of SiC micro-powder, the higher the content of micro-powder, the lower the density of the green body and the higher the open porosity. At the same time, there was almost no linear change in the RSiC sintering process, so the open porosity of the sample increased with the increase of the content of SiC micro-powder. It can be seen From Figure 4 that the proportion of small pores increases with an increase of the content of SiC micro-powder, so average pore size decreases also. It can be seen from Figure 6d that as the content of SiC micro-powder increases, gas permeability first increases and later decreases, reaching its maximum value of 40×10 -12 m 2 when the content of SiC micro-powder is 60 wt%. For porous ceramics, the higher the open porosity and the bigger the pore size, the better the permeability of the material [20] . When the content of SiC micro-powder increases, open porosity of the specimens increases, but pore diameter of the samples decreases. When the content of SiC micro-powder is between 30 and 60 wt%, the increase of open porosity has a greater impact on gas permeability, so gas permeability increases. When the content of SiC micro-powder is between 60 and 100 wt%, the decrease of pore diameter has a greater impact on gas permeability of samples, so gas permeability then decreases.
When the content of SiC micro-powder was 60%, the gas permeability of samples was 40.0 ×10 -12 m 2 and the open porosity was only 34.5% ( Figure 6 ). The maximum gas permeability of glass-bonded SiC porous materials prepared by Wang B et al. was 6.5×10 -12 m 2 , and the open porosity was 64.7% [21] . The glass-bonded SiC sample prepared by Su Chang Kim et al. has a gas permeability of 1.0 ×10 -12 m 2 and an open porosity of 38.0% [22] . Fukushima M et al. prepared a SiC porous ceramic by a gel-freezing method, whose gas permeability was between 10 -11 and 10 -10 m 2 , and whose open porosity was up to more than 89% [23] . Compared with SiC porous ceramics prepared in other laboratories, our sample A60 had higher permeability but lower open porosity, because the pore connectivity of the sample came very good. In addition, the cold and hot modulus of rupture of specimens were 35.8
